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1, Introduction 
Gangliosides have been implicated in a variety of 
cell surface functions as receptor candidates for toxins 
[ 1,2], hormones [3] and lectins [4]. Their structures 
contrast strongly with those of classical lipids, since 
the head groups are very large as compared to the 
hydrocarbon tails. Little is known about their orga- 
nization in the lipid bilayers. A possible approach to 
this problem is to use model systems [5-S]. Here, we 
report evidence from electron spin resonance (ESR) 
measurements that gangliosides incorporated in lipid 
vesicles can interact and form clusters. Our results 
show that this clustering process is modulated by the 
lipid fluidity. Above the lipid phase transition of 
dipalmitoyl phosphatidyl choline, the model mem- 
brane can be viewed as a fluid system in which 
gangliosides are randomly distributed. Below the 
phase transition, the model membrane consists of a 
mosaic structure composed of ganglioside clusters 
embedded in the lipid matrix. Moreover, we demon- 
strated that the g~~io~de org~~ation modulates 
the permeab~ity of liposomes to carboxyfluorescein. 
This result is briefly discussed in regard of the mem- 
brane action of biochemical ligands for which gan- 
gliosides are postulated as receptors. 
2. Materials and methods 
D,L-cr-Dipalmitoyl phosphatidyl choline (DPPC) 
and gangliosides from bovine brain were purchased 
from Sigma. Carboxyfluorescein (CF) was an 
Eastman-Kodak product. 
2.1. separation of liposomes 
Lipid-ganglioside mixtures were dissolved in 
chloroform-methanol, 2/l (v/v). The solvent was 
ElsevierjNorth -Holhnd Biomedical Press 
evaporated under nitrogen flow and the lipid- 
ganglioside film was dried overnight. Liposomes were 
obtained by mechanical stirring (Vortex mixer) of 
the film in 0.025 M Tris-HCl buffer (pH 7.2). 
The mean liposome diameter determined with a 
Coulter Nano-Sizer (Coulter Electronics, England) was 
12000A+ 1000A. 
2.2. ESR ~e~~re~en ts 
The ESR measurements were performed on a 
Century Line Varian spec~ometer (f equency modu- 
lation, 100 kHz; microwave power, 5 mW; modula- 
tion amplitude, 1G). The temperature was regulated 
with a Varian variable temperature controller. Sam- 
ples were sealed in 50 ~1 Drummond capillaries. The 
spectra were stimulated on a CDC 6600 computer 
with a FORTRAN IV interactive program as in [lo]. 
The spin label gangliosides were synthetized as in 
[9]. The method allows the fixation of 3-carboxy- 
2,2,5,5 -tetramethyl pyrrolidine-1 -0xy1 on the primary 
hydroxyl groups of the carbohydrate residues. Reac- 
tion yield was 48%. The g~~o~des were incorpo- 
rated in liposomes at various levels from 1 - 18 mol %, 
using the above procedure. 
2.3. Carboxyj%mescein release 
Selfquenching of carboxyfluorescein was used to 
demonstrate he release from liposomes [111. Indeed, 
the fluorescence of carboxyfluorescein is quenched 
by -96% at 100 mM in phosphatidylcholine v sicles 
[l 11. The CF release induces a drastic fluorescence 
increase which can be followed without separation 
of vesicles from released solute [ 111. We routinely 
excited the CF at 470 mm. Emission was followed 
at 520 nm with a Jobin-Yvon spectrofluorimeter. 
The temperature of the cuvettes was kept constant 
to within O.S*C by circulating water bath. 
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Fig.1. Comparison between measured (- ) and simulated (- - -) ESR spectra at 19°C and 47°C for 6 gangliosidellipid molar 
fractions. Simulation parameters: QH (isotropic hyperfine coupling constant) = 14 G; linewidths I!$ = 5.5 G, 3.5 G, 7.0 G. At 
19’C, the dipolarinteractionsare AHd = 2 G (C= 0.01, C= 0.03) and Md = 2.5 G (C= 0.06, C= 0.09, C= 0.12, C= 0.18). At 
47’C, hNd = 2 G (C= O.Ol,C= O.O3,C= 0.06)and A.Hd = 2.5 G (C= O.O9,C= O.i2,C= 0.18). The correspondingvaluesof 
Wex are given in fig.2. 
3. Results and discussion 
Fig.1 shows the experimental ESR spectra (solid 
curves) observed at 19°C and 47°C with spin label 
gangliosides in DPPC liposomes. The total ganglioside 
concentration ranges from l-l 8 mol %, correspond- 
ing to a label concentration of 0.48-8.6 mol %. The 
lines of the 1% spectrum at 47’C are broader than in 
the case of a conventional nitroxide spectrum at 
low concentration. A similar lineshape was observed 
when the spin-labeled gangliosides were dissolved in 
an organic solvent where no liposomal structure was 
present. A reasonable expl~ation for this effect is 
that more than one NO groups are fured on some 
ganglioside carbohydrate residues, which produces 
intramolecular interaction. 
Increasing the label concentration produces drastic 
modi~cation of the spectra (fig.1). The in~~du~ 
lines become progressively broader, this effect being 
more pronounced at 19°C. These modi~~ations have 
to be analysed in terms of intermolecular magnetic 
interaction occurring between the radicals. The exper- 
imental spectra can be satisfactorily simulated (fig.1, 
dashed lines) using the basis of a theoretical model 
[ 10,121 which implies two modes of interaction: the 
dipolar and the spin exchange. The exchange process 
measured by the parameter I+‘,, is the most important 
contribution. Moreover, the dependence of lV,, with 
respect o the label concentration gives ome direct 
information about the molecular organization. 
Indeed, it can be shown [12] that in the case of a 
random distribution of the label: 
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where d,, X and Fare the critical interaction dis- 
tances, the length of one diffusional jump and the 
area per molecule (_4 = 120 A2) [ 13 1. Ddiff is the 
lateral diffusion coefficient. By contrast, when the 
label organization ceases tr, be random, due to cluster 
formation: 
at 19°C and 47’C could be proposed in terms of the 
ganglioside clustering in the lipid matrix. 
The ESR measurements demonstrate hat above 
DPPC transition temperature, the two constituents 
are in the liquid crystalline state and the gangliosides 
diffuse freely in the lipid matrix. This picture is con- 
sistent with a recent heoretical evaluation [131. 
No preferential large hydrophobic region can be 
formed and the perturbatory effects of isolated gan- 
glioside molecules i  minimized. On the other hand, 
ESR results how that, at 19”C, the gel state induces 
ganglioside clustering. In these conditions, ganglio- 
sides could form hydrophobic pores for carboxy- 
fluorescein molecules and the increase of perme- 
ability would be a consequence of the electrostatic 
repulsions between the bulky negatively charged 
hydrophilic groups. This interpretation would be con- 
sistent with a recent work on ganglioside monolayers 
spread at the air-water interface, which demonstrates 
that the neuraminic acid residues caused an increase 
in the ganglioslde limiting area [ 13 3. Interestingly, 
it has been shown that the interaction of ganglioside 
or ganglioside-like r ceptors with glycoprotein hor- 
mones can modify the cell membrane permeability 
[ 141. Generally, the scheme proposed to explain the 
hormone effects supposes that the interaction of the 
glycoprotein with the cell receptor induces a con- 
formational change which allows its penetration 
within the membrane. This penetration leads to the 
observed permeability changes. Our results uggest 
that the permeability change may simply result from 
the clustering of the receptors induced by their spe- 
cific biochemical ligands, without penetration of the 
hormone into the lipid bilayer. 
where n is the number of clusters per square centi- 
meter and @& is the maximum exchange Interactions 
within the cluster. 
Fig.2 shows that at 47OC, IVex is proportional to 
C/( 1 t C) indicating that the gangliosides are ran- 
domly distributed within the fluid DPPC lipid matrix. 
A gangliollde lateral diffusion coefficient (D& was 
estimated to 7 X lo* cm2/s which is in good agree- 
ment with the reported data [ 121. At 19OC, IVex is no 
more linearly related to C/(1 + C’) (fig.2) and the 
model suggests hat the gangliosides are organized in 
clusters [10,121. A more detailed analysis concerning 
the size of the clusters and the mean minimal distance 
between two clusters will be described elsewhere. 
Fig.3 shows that this clustering process triggers the 
release of the CF which has been sequestered inside 
the liposomes. The fluorescence increase of CF as a 
function of time for DPPC liposomes at 19OC and 
47’C is shown (left). A completely different pattern 
is observed when DPPC liposomes contain gangliosides 
(right). If at 47’C, the leakage is not significantly 
modified, a drastic change is observed at 19°C. The 
explanation which accounts for the ganglioside effect 
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Fig.2. Relationship between Wex and the ganglioaide/lipid 
molar fraction C/(1 + C) at 4?C and 19°C. 
The ESR approach offers a powerful tool for 
describing anglioside r ceptors organization i  model 
Fig.3. Carboxyfluoresceh release. Fluorescence increase as a 
function of time for DPPC liposomes at 19°C and 47’C (left) 
and DPPCgangliosides (3 mol %) liposomes at 19°C and 
47Oc (right). 
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membranes and for examining the role of the gan- 
glioside lateral mobility in the recognition process. 
Acknowledgements 
S. P. D. thanks IRSIA (Institut pour l’encourage- 
ment de la Recherche Scientifique dans 1’Industrie et 
1’Agriculture) for financial support. 
References 
[l] Cuatrecasas, P. (1973) Biochemistry 12,3558-3566. 
[2] Van Heyningen, W. E. (1963) J. Gen. Microbial. 31, 
375-387. 
[3] MuIIin, B. R., Fishman, P. H., Lee, G., Aloj, S. M., 
Ledley, F. D., Winand, R. J., Kohn, L. D. and Brady, 
R. 0. (1976) Proc. Natl. Acad. Sci. USA 73,842-846. 
[4] Redwood, W. and Polefka, T. (1976) Biochim. Biophys. 
Acta 455,631-643. 
[ 51 Deleers, M., Pass, A. and Ruysschaert, J. M. (1976) 
Biochem. Biophys. Res. Commun. 72,709-713. 
[6] Poss, A., Deleers, M. and Ruysschaert, I. M. (1978) 
FEBS Lett. 86,160-162. 
[ 71 Deleers, M., Chatelain, P., Poss, A. and Ruysschaert, 
J. M. (1979) Biochem. Biophys. Res. Commun. 89, 
1102-1106. 
[ 8] Ruysschaert, J. M., Tenenbaum, A., Berliner, C. and 
Dehnelle, M. (1977) FEBS Lett. 81,406-410. 
[9] Sharom, F. J., Grant, C. W. M. (1978) Biochim. Bio- 
phys. Acta 507,280-293. 
[lo] Chatelain, P., Brasseur, R., Ruysschaert, J. M. and 
Delmelle, M. (1979) J. Colloid. Interface Sci. 72, 
294-303. 
[ 111 Weinstein, J. N., Yoshikami, S., Henkart, P., 
Blumenthal, R. and Hagins, W. A. (1977) Science 195, 
489-492. 
[ 121 Sackmann, E., Trluble, H., Galla, H. J. and Overath, P. 
(1973) Biochemistry 12,536O. 
[13] Maggie, B., Cumar, F. A. and Caputto, R. (1978) Bio- 
them. J. 175,1113-1118. 
[ 141 Grollman, E. F., Lee, G., Ambesi-Impiombato, F. S., 
Meldolesi, M. F., Aloj, S. M., Coen, H. G., Kaback, 
H. R. and Kohn, L. D. (1977) Proc. Natl. Acad. Sci. 
USA 74,2352-2356. 
14 
